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Abstract—The reaction of a new tridentate ligand 2,6-bis(5-tert-butyl-1-(2,6-difluorophenyl)-1H-pyrazol-
3-yl)pyridine (L) with the divalent iron salt affords the iron(II) complex [Fe(L)2](BF4)2 (I), which is isolated
in the individual state and characterized by elemental analysis, NMR spectroscopy, and X-ray diffraction
analysis. According to the X-ray diffraction results and data of the Evans method, which makes it possible to
determine the spin state of paramagnetic compounds in a solution from the NMR spectra, the iron(II) ion in
complex I exists in the high-spin state (S = 2 for Fe(II)) and undergoes no temperature-induced spin transi-
tion in a range of 120–345 K.
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INTRODUCTION

Some transition metal complexes can exist in two
spin states and can be switched between them under an
appropriate external stimulus [1], such as a change in
the temperature and pressure, light irradiation, or
magnetic field application. A similar spin transition
results in a change in various physical properties,
including the magnetic moment [1], color [2], dielec-
tric constant [3], and electrical resistance [4]. This
makes it possible to use the corresponding transition
metal complexes for the production of diverse molec-
ular devices and materials, including displays, the
color of which is switched using point heating and
cooling [5], films in electroluminescence devices in
which the light radiation is quenched due to a change
in its electrical resistance [6], etc.

Among a large variety of molecular compounds
capable of undergoing the spin transition primarily
under the action of temperature [1], this ability is
most often found in  the iron(II) complexes with the

metal ion in the (pseudo)octahedral environment of
the nitrogen-containing heterocyclic ligands [1].
The introduction into the corresponding ligands of
substituents of different nature, providing the ligand
field necessary for the spin transition, and capable
of forming strong intermolecular interactions
(hydrogen bonds, stacking interactions, etc.), which
result in a sharp spin transition with the hysteresis in
the crystalline sample [1], and a systematic analysis
of the inf luence of these modifications of the ligand
on the spin state of the metal ion [7–16] form a basis
for the targeted “molecular” design [17] of metal
complexes with specified parameters of the spin
transition.

2,6-Bis(pyrazol-1-yl)pyridines [18] and isomeric
2,6-bis(pyrazol-3-yl)pyridines [19] are among the
most popular classes of ligands for this purpose [17]
due to the broadest possibilities of their chemical
functionalization [19] (Scheme 1). In particular, this
made it possible to observe the dependence of the spin
state of the iron(II) ion in the metal complexes with
402
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2,6-bis(pyrazol-1-yl)pyridines containing substitu-
ents in different positions of the pyridine and pyrazol-
1-yl fragments on the steric [17] and electronic [10]

characteristics of these substituents, which allow one
to control the spin transition and its parameters, first
of all, temperature.

2,6-Bis(pyrazol-1-yl)pyridine 2,6-Bis(pyrazol-3-yl)pyridine
Scheme 1.

Unfortunately, no similar relationships were observed
so far for the complexes with isomeric 2,6-bis(pyrazol-3-
yl)pyridines [17] because of the N–H…X hydrogen
bonds that they form with counterions or solvent mole-
cules (Scheme 1), which unpredictably affect the spin
state of the metal ion [20–24]. The single solution of the
problem is the search for an appropriate substituent, the
introduction of which into position 1 of the pyrazol-3-yl
ring does not impede the spin transition to occur, as
observed for all presently known iron(II) complexes with
2,6-bis(pyrazol-3-yl)pyridine, 2,6-bis(pyrazol-1-yl)pyr-
idine, and other tridentate nitrogen-containing ligands
[17] due to the stabilization of the high-spin state of the
metal ion by the bulky substituents near the coordinating
nitrogen atoms.

We have previously synthesized a series of the
iron(II) bis(pyrazol-3-yl)pyridine complexes with the

substituted phenyl groups in position 1 of the pyrazol-
3-yl ring. Owing to the steric influence of the substit-
uents in the ortho position of the phenyl groups, these
complexes make it possible to observe the tempera-
ture-induced spin transition [25] when choosing alkyl
groups and halogen atoms, except for f luorine, as the
corresponding substituents. In this case, for the poten-
tial appearance of the spin transition, we synthesized a
new 2,6-bis(pyrazol-3-yl)pyridine ligand containing
the dif luorophenyl group in position 1 of the pyrazol-
3-yl ring and the electron-donating and bulky tert-
butyl group in position 5 of the pyrazol-3-yl ring
(Scheme 2). A similar modification of position 4 of the
pyrazol-1-yl ring of 2,6-bis(pyrazol-3-yl)pyridine ear-
lier led to the stabilization of the low-spin state of the
iron(II) ion in the corresponding complexes [10, 17].

Scheme 2.

The introduction of sterically hindered substituents
simultaneously into positions 1 and 5 of the pyrazol-3-
yl ring of the 2,6-bis(pyrazol-3-yl)pyridine ligands

was not previously performed in connection with the
possibility of forming a mixture of the regioisomers
(Scheme 3) by the standard synthetic approach [26].
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Scheme 3.

In this work, we synthesized the necessary 5-tert-
butyl-1-phenyl-substituted derivative of 2,6-bis(pyra-
zol-3-yl)pyridine, 2,6-bis(5-tert-butyl-1-(2,6-difluo-
rophenyl)-1H-pyrazol-3-yl)pyridine (L), and its com-
plex [Fe(L)2](BF4)2 (I) in high yields. The spin state of
the iron(II) ion in the complex, whose N,N'-disubsti-
tuted ligand contains the tert-butyl group in position 5
of the pyrazol-3-yl ring, was determined by of X-ray
diffraction analysis of the single crystal at 120 K. The
possibility of the spin transition to occur in a solution
of complex I with temperature effect was studied using
the Evans method, which is standard for these pur-
poses [27] and based on multitemperature NMR spec-
troscopy.

EXPERIMENTAL

All procedures related to the synthesis of the
bis(pyrazol-3-yl)pyridine ligand and its complex were
carried out in air using commercially available organic
solvents distilled in an argon atmosphere. Iron tetra-
fluoroborate hexahydrate Fe(BF4)2 ⋅ 6H2O (Sigma-
Aldrich) was used without additional purification. The
esterification of pyridine-2,6-dicarboxylic acid
(Acros) with ethanol was carried out using a described
procedure [28] in the presence of sulfuric acid. Analy-
ses to carbon, nitrogen, and hydrogen were conducted
on a CarloErba microanalyzer (model 1106).

Synthesis of 1,1'-(pyridine-2,6-diyl)bis(4,4-dime-
thylpentane-1,3-dione). A solution of diethyl pyridine-
2,6-dicarboxylate (2.80 g, 12.5 mmol) in anhydrous
THF was mixed with NaH (1.22 g, 30.5 mmol, 50%
suspension of mineral oil). tert-Butyl methyl ketone
(3.40 mL, 27.5 mmol) was added dropwise to the
obtained suspension. The reaction mixture was
refluxed with a reflux condenser for 4 h and evapo-
rated. The solid residue was washed with diethyl ether
(2 × 30 mL), dried in vacuo, and dispersed in water,
and the pH of the resulting suspension was brought to
pH 5 by adding 1 M hydrochloric acid. A dark yellow
precipitate was filtered off, dried in vacuo, dissolved in
a minor amount of hot ethanol, and left at –20°C for

12 h. The formed yellow crystals were separated by fil-
tration and dried in vacuo. The yield was 2.87 g (69%).

1H NMR (CDCl3, 400 MHz), δ, ppm: 16.12, 15.89
(s, OH), 8.26–8.17 (m, m-Py–H, 2H), 8.01–7.96 (m,
p-Py–H, 1H), 7.21, 6.91, and 4.51 (s, CH and СH2),
1.29, 1.27, and 1.25 (s, tBu, 18H). 13C NMR
(100 MHz, CDCl3, mixture of keto and enol forms),
δ, ppm: 210.4, 204.6, and 203.0 (CH), 196.5 and 182.5
(CH–COH), 181.0, 152.5, 152.1, and 152.0 (o-Py),
138.4 (p-Py), 125.6, 124.3, and 124.1 (m-Py), 92.9 and
92.8 (CH), 46.4 (CH2), 45.1, 40.4, and 40.0 (tBu), 27.4
and 26.7 (tBu).

Synthesis of 2,6-difluorophenylhydrazine. 2,6-
Difluoroaniline (3.87 g, 30.0 mmol) was added to a
38% aqueous solution of HCl (25 mL). A solution of
sodium nitrite (2.17 g, 31.5 mmol) in water (5 mL) was
added dropwise to the obtained suspension prelimi-
narily cooled to –10°C maintaining the temperature
below –5°C. The reaction mixture was stirred at
‒10°C for 1 h. Then a solution of SnCl2 ⋅ 2H2O
(16.85 g, 75 mmol) in concentrated hydrochloric acid
(30 mL) was added dropwise to the resulting mixture
at –5°C. The obtained suspension was stirred at room
temperature for 1 h, and the precipitate was filtered off
and washed with dichloromethane (100 mL). The
formed yellow powder was dried in vacuo. The reac-
tion product was stored in the form of the salt, which
prior to use was transformed into the free base using a
1 M solution of sodium hydroxide in water. The yield
was 3.30 g (61%).

1H NMR (CDCl3, 300 MHz), δ, ppm: 6.78–6.68
(m, 3H, m-Ph and p-Ph), 5.30 (br.s, 1H, NH), 3.93
(br.s, 2H, NH2). 13C NMR (DMSO-d6, 101 MHz), δ,
ppm: 153.73 (q, 1JC,F = 242.4 Hz, 3JC,F = 6.6 Hz,
2-Ph), 128.52 (t, 2JC,F = 12.7 Hz, 1-Ph), 120.46 (t,
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Anal. calcd., %: C, 68.86 H, 7.60 N, 4.23
Found, %: C, 68.79 H, 7.66 N, 4.18
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4JC,F = 7.2 Hz, 4-Ph), 111.58 (q, 2JC,F = 15.9 Hz,
4JC,F = 7.1 Hz, 3-Ph).

Synthesis of 2,6-bis(5-tert-butyl-1-(2,6-difluorophe-
nyl)-1H-pyrazol-3-yl)pyridine (L). Diethyl 1,1'-(pyri-
dine-2,6-diyl)bis(4,4-dimethylpentane-1,3-dione) (1 g,
3.02 mmol) and 2,6-difluorophenylhydrazine (1 g,
6.94 mmol) were dissolved in glacial acetic acid (10 mL),
and the mixture was refluxed with a reflux condenser for
8 h. The reaction mixture was cooled by adding crushed
ice (50 mL). The white precipitate was filtered off,
washed with water, and dried in vacuo. For purification,
the obtained product was dissolved in hot ethyl acetate,
and hexane was added until a precipitate was formed.
Then the mixture was kept at –10°C for 12 h. The formed
white crystals were filtered off and dried in vacuo. The
yield was 546 mg (33%).

1H NMR (CDCl3, 400 MHz), δ, ppm: 1.28 (s,
18H, tBu), 7.06–7.09 (m, 6H, m-Ph–H+ Pyraz–
CH), 7.44–7.51 (m, 2H, p-Ph–H), 7.70 (t, 3JH,H =
7.7 Hz, 1H, Py), 7.90 (d, 3JH,H = 7.7 Hz, 2H, Py). 13C
NMR (DMSO-d6, 101 MHz), δ, ppm: 159.52
(q, 1JC,F = 254.92 Hz, 4JC,F = 3.3 Hz, 2-Ph), 156.06 (s,
5-Pyraz), 152.75 (s, 2-Py), 151.53 (s, 3-Pyraz),
136.99 (s, 4-Py), 131.28 (t, 3JC,F = 9.9 Hz, 4-Ph),
119.39 (s, 3-Py), 112.16–112.21 (m, 1-Ph), 111.98–
112.02 (m, 3-Ph), 103.49 (s, 4-Pyraz), 29.54 (s,
18H, tBu). 19F NMR (DMSO-d6, 376 MHz), δ, ppm:
–115.59 (s, 4F, PhF2).

Synthesis of complex I. Weighed samples of
Fe(BF4)2 ⋅ 6H2O (0.0337 g, 0.1 mmol) and L (0.109 g,
0.2 mmol) were stirred in THF for 3 h. For purifica-
tion, the obtained solution was concentrated, and hex-
ane was added dropwise to precipitation. The mixture
was kept at –10°C for 12 h. The precipitate was filtered
off and dried in vacuo. The yield was 226 mg (86%).

1H NMR (CD3CN, 600 MHz), δ, ppm: 0.61 (br.s,
36H, tBu), 9.47 (br.s, 8H, m-Ph-H), 13.24 (br.s, 4H,
p-Ph–H), 24.15 (br.s, 2H, p-Py–H), 54.78 (br.s, 4H,
Pyraz–CH), 63.03 (br.s, 4H, m-Py–H).

For C6H6N2F2

Anal. calcd., % C, 50.00 H, 4.20 N, 19.44
Found, % C, 50.11 H, 4.23 N, 19.39

For C31H29N5F4

Anal. calcd., % C, 67.99 H, 5.34 N, 12.79
Found, % C, 68.21 H, 5.41 N, 12.93

For C62H58B2N10F16Fe
Anal. calcd., % C, 56.22 H, 4.41 N, 10.57
Found, % C, 56.02 H, 4.31 N, 10.64
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
1H, 19F, and 13C NMR spectra were recorded in
DMSO-d6, CDCl3, and CD3CN on Bruker Avance
300, Bruker Avance 400, and Bruker Avance 600 spec-
trometers (with the working frequencies for protons
300.15, 400, and 600.22 MHz, respectively). The
chemical shifts in the spectra were determined relative
to the residual signal from the solvent (1H 7.26 and 13C
77.16 ppm for CDCl3, 1H 2.5 and 13C 39.52 ppm for
DMSO-d6, and 1H 1.94 ppm for CD3CN). The spec-
tra were collected using the following parameters. For
1Н NMR, the spectral range was 1000 ppm, the detec-
tion time was 0.1 s, the relaxation delay was 0.1 s, the
pulse duration was 6.5 μs, and the acquisition number
was 1024. For 13С{1H} NMR, the spectral range was
3000 ppm, the detection time was 0.1 s, the relaxation
delay was 0.1 s, the pulse duration was 9 μs, and the
acquisition number was more than 32000. In the case
where the signal to noise ratio was necessary to be
increased, the obtained free induction descends were
processed by exponential weighing with the coefficient
to 3 and 50 Hz for 1H and 13C NMR spectra, respec-
tively.

X-ray diffraction analysis (XRD). Single crystals of
complex I obtained by the slow evaporation in air from
a solution in THF were examined on a Bruker APEX
2 CCD diffractometer (MoKα radiation, graphite
monochromator, ω scan mode). The structure was
solved using the ShelXT program [29] and refined by
full-matrix least squares using the Olex2 program [30]
in the anisotropic approximation for . The posi-
tions of the hydrogen atoms were calculated geometri-
cally and refined in the isotropic approximation by the
riding model. Selected crystallographic data and
structure refined parameters are presented in Table 1.

The structural data for complex I were deposited
with the Cambridge Crystallographic Data Centre
(CIF file CCDC no. 1968406; http://www.ccdc.
cam.ac.uk/).

Evans method. The temperature dependence of the
magnetic susceptibility of the iron(II) complex in an
acetonitrile solution was estimated by the Evans
method [27] in a range of 235–345 K using NMR
tubes with a coaxial inset. The inner (control) tube was
filled with acetonitrile-d3 with an additive of ~1%
Me4Si, and the outer tube contained a solution of the
complex (~1–5 mg/cm3) in acetonitrile-d3 with the
same concentration of Me4Si. The molar magnetic
susceptibility (χМ) was calculated from the difference
between the chemical shift of Me4Si in pure acetoni-
trile-d3 and its shift in a solution of the complex (Δδ,
Hz) in acetonitrile-d3 using the following equation:

(M is the molar weight of the iron(II) complex, g/mol;
ν0 is the spectrometer frequency, Hz; Sf is the magnet

2
hklF
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M M

0 f

Δ –M
S c
δχ = χ
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Table 1. Selected crystallographic data and structure refinement parameters for compound I

Parameter Value

FW 1324.65

T, K 120

Crystal system Monoclinic

Space group P21/n

Z 4

a, Å 16.062(3)

b, Å 21.690(5)

c, Å 17.244(4)

β, deg 90.483(5)

V, Å3 6007(2)

ρcalc, g cm–3 1.465

μ, cm–1 3.51

F(000) 2720

2θmax, deg 60

Number of measured reflections 82175

Number of independent reflections (Rint) 18365 (0.0769)

Number of ref lections with I > 3σ(I) 12297

Number of refined parameters 851

GOОF 1.010

R1, wR2 (I > 2σ(I)) 0.0478, 0.1014

R1, wR2 (all data) 0.0869, 0.1181

Δρmax/Δρmin, e Å–3 0.398/–0.346
shape coefficient (4π/3); c is the concentration of the
complex, g/cm3; and  is the molar diamagnetic
contribution to the paramagnetic susceptibility calcu-
lated using Pascal’s constants [31]). The concentra-
tion с was recalculated for each temperature according
to a change in the solvent density (ρ): cT = mcρ/msol,
where mcρ is the weight of the complex, and msol is the
weight of the solution.

RESULTS AND DISCUSSION

For the synthesis of ligand L, the initial 1,1'-(pyri-
dine-2,6-diyl)bis(4,4-dimethylpentane-1,3-dione) was

dia
Mχ
RUSSIAN JOURNAL OF C
synthesized using a described procedure [32] by the
Claisen condensation between diethyl-2,6-pyridinedi-
carboxylate and pinacone in the presence of sodium
hydride in a THF solution. The condensation of the
obtained diketone and 2,6-difluorophenylhydrazide fol-
lowed by cyclization in one step in acetic acid resulted in
a mixture of regioisomers with the predomination of the
required bis(pyrazol-3-yl)pyridine L (L1 in Scheme 4).
Owing to different solubilities of two regioisomers, this
product is readily isolated in the pure state by the recrys-
tallization of the mixture in an ethyl acetate–hexane (1 :
1) system. Interestingly, nearly no mixed regioisomer was
formed in this synthetic approach (Scheme 3).
OORDINATION CHEMISTRY  Vol. 46  No. 6  2020
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Scheme 4.
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The reaction of bis(pyrazol-3-yl)pyridine L with state, is distorted toward a trigonal prism [33]. The

iron(II) tetrafluoroborate hydrate in THF at room
temperature (Scheme 3) was carried out for the syn-
thesis of the corresponding iron(II) complex I. The
complex was isolated in the individual state and char-
acterized by elemental analysis, NMR spectroscopy,
and XRD.

In spite of the electron-donating substituent in
position 5 of the pyrazol-3-yl ring in ligand L, which
resulted in the stabilization of the low-spin state of the
iron(II) ion in the case of the complexes with isomeric
bis(pyrazol-3-yl)pyridines, crystalline complex I
exists in the high-spin state according to the XRD data
at 120 K. This is indicated by the Fe–N distances with
the nitrogen atoms of two bis(pyrazol-3-yl)pyridine
ligands (Table 2) typical of the high-spin iron(II)
complexes with the nitrogen-containing heterocycles
(2.0–2.2 Å [1]). In addition, the coordination polyhe-
dron FeN6, which is an octahedron in the low-spin
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Table 2. Selected geometric parameters for complex I
according to the XRD data at 120 K*

* θ is the dihedral angle between the root-mean-square planes of
the 2,6-bis(pyrazol-3-yl)pyridine ligands, the N(Py) and N(Pz)
atoms correspond to the nitrogen atoms of the pyridine and pyra-
zol-3-yl fragments, and α corresponds to the rotation angle of the
difluorophenyl substituents relative to the plane of the pyrazol-3-
yl ring. S(TP-6) and S(OC-6) are the deviations of the MN6
coordination polyhedron from an ideal trigonal prism (TP-6) and
an ideal octahedron (OC-6), respectively.

Parameter Value

M–N(Py), Å 2.1507(14)/2.1527(15)
M–N(Pz), Å 2.1749(15)–2.2043(15)
θ, deg 86.802(15)
N(Py)MN(Py), deg 176.80(6)
α, deg 85.56(7)–88.82(7)
S(TP-6) 10.780
S(OC-6) 5.460
corresponding angles N(Py)MN(Py) and θ between
the root-mean-square planes of two ligands, which are
equal to 90° and 180° in the case of an ideal octahe-
dron, are 86.802(15)° and 176.80(6)°, respectively. For
comparison, similar values for the earlier described
iron(II) complexes [34] with N,N'-diphenyl-substi-
tuted bis(pyrazole-3-yl)pyridines lie in the ranges
67.5(3)°–68.3(3)° and 176.1(2)°–180°, respectively.

A less pronounced deviation of the coordination
polyhedron shape in complex I from an octahedron is
caused, most likely, by the presence of the bulky ortho-
difluorophenyl groups in position 1 of the pyrazol-3-
yl cycle, which rotate relative to the plane of this cycle
due to the steric effects of the ortho substituents
(Fig. 1), stabilizing the (pseudo)octahedral molecular
geometry of complex I. In fact, the rotation angles of
the ortho-substituted phenyl groups in it are
85.56(7)°–88.82(7)°, which appreciably exceeds sim-
ilar values (42.7(2)°–66.4(2)°) in the iron(II) com-
plexes with the N,N'-diphenyl-substituted bis(pyra-
zol-3-yl)pyridine ligands [34].

Nevertheless, this does not result in the absence in
complex I of the trigonal prismatic distortion of the
coordination polyhedron characteristic of the high-
spin iron(II) complexes with the bi- and tridentate
ligands [35]. This can graphically be presented as the
so-called “continuous symmetry measures” [35]
describing deviations of the shape of the coordination
polyhedron FeN6 from an ideal octahedron (S(OC-
6)) and an ideal trigonal prism (S(TP-6)). The lower
these values, the better the description of the coordi-
nation polyhedron shape by the corresponding poly-
hedron (Fig. 2). In complex I, the octahedral S(OC-6)
and trigonal prismatic S(TP-6) “continuous symme-
try measures” estimated from the XRD data using the
Shape 2.1 program [35] are 5.460 and 10.780, respec-
tively (Table 2). They fall onto the range of the “con-
tinuous symmetry measures” S(OC-6) and S(TP-6)
for the high-spin iron(II) complexes [34] with N,N'-
  Vol. 46  No. 6  2020
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Fig. 1. (a) General view of complex I and (b) its projection
in the perpendicular direction in atomic representation by
thermal ellipsoids (p = 50%). Tetrafluoroborate anions
and hydrogen atoms are omitted, and only heteroatoms are
labeled. 
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diphenyl-substituted bis(pyrazol-3-yl)pyridines in
which the coordination environment of the metal ion
is noticeably distorted toward a trigonal prism, which
does not allow it to transform into the low-spin state
[36].
RUSSIAN JOURNAL OF C
Thus, the XRD data for complex I indicate that the
iron(II) ion exists in the high-spin state in the crystal
at 120 K in the environment of two bis(pyrazol-3-
yl)pyridine ligands L with the bulky dif luorophenyl
substituents in position 1 of the pyrazol-3-yl ring [17].

Complex I exists in the same spin state in a range of
235–345 K in an acetonitrile solution, which is unam-
biguously confirmed by the Evans method [27], which
is based on the use of NMR spectroscopy. This
method is the most available one for measuring χМ of
a solution, because of which the Evans method is
actively used for the search for structure–property
relationships in the absence of crystalline packing
effects often leading to blocking the metal ion in one
spin state [36] and for the consecutive targeted design
of metal complexes with specified parameters of the
spin transition [17]. To measure χМ of a solution vary-
ing upon the addition of a paramagnetic compound,
such as the iron(II) complex in the high-spin state (see
Experimental), the NMR spectra of a solution of a
standard compound (usually tetramethylsilane
(TMS)) in the presence and in the absence of a para-
magnetic complex are simultaneously collected in the
Evans method. For this purpose, a standard tube con-
taining a solution of the corresponding complex and
TMS in a known concentration is inserted with a spe-
cial coaxial inset containing a TMS solution in the
same solvent in which no precipitate would be formed
on cooling, which is one of restraints of the Evans
method. The difference between the chemical shifts of
TMS in the NMR spectra collected from these two
OORDINATION CHEMISTRY  Vol. 46  No. 6  2020
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Fig. 3. Temperature dependence of the magnetic suscepti-
bility of complex I in a solution of deuterated acetonitrile
according to the NMR spectroscopy data (Evans method). 
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solutions makes it possible to calculate χМ of a solution
of the studied paramagnetic compound and thus
unambiguously determine the spin state of the metal
ion at a certain temperature or in the range of tempera-
tures accessible for the chosen solvent.

According to thus obtained data, the values of χТ
for a solution of complex I in an acetonitrile at tem-
peratures in a range of 235–345 K (Fig. 3) are close to
3.8 cm3 mol–1 K, which unambiguously confirms the
high-spin state of the iron(II) ion (S = 2) in the whole
temperature range. The observed stabilization of the
high-spin state in the solution in which the crystal
packing effects are absent indicates in favor of the
“intramolecular” nature of this phenomenon caused,
most likely, by the presence in the ligand of the bulky
ortho-substituted phenyl groups near the coordinating
nitrogen atoms [17]. In turn, this indicates an insuffi-
cient electronic and steric influence of the tert-butyl
substituents in position 5 of the pyrazol-3-yl ring lead-
ing, as a result, to the absence of the temperature-
induced spin transition in complex I.

To conclude, we synthesized and characterized the
new iron(II) complex with the N,N'-substituted 2,6-
bis(pyrazol-3-yl)pyridine ligand containing the bulky
substituents simultaneously in positions 1 and 5 of the
pyrazol-3-yl ring. The low-temperature XRD data
obtained for this complex, first of all, the M–N bond
lengths and the trigonal prismatic distortion of the
coordination polyhedron of the iron(II) ion, unam-
biguously indicate that the complex exists in the high-
spin state (S = 2) in the crystal even at 120 K. The
absence of the temperature-induced spin transition in
the solution in a range of 235–345 K is confirmed by
NMR spectroscopy (Evans method). Thus, the intro-
duction of the electron-donating and sterically hin-
dered substituent (tert-butyl group) into position 5 of
the pyrazol-3-yl ring of 2,6-bis(pyrazol-3-yl)pyridine
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
containing a bulky N-substituent exerts no effect on
the spin state of the iron(II) ion in the corresponding
complex, which remains high-spin in both the crystal-
line state and acetonitrile solution.
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